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temporary chest tube drainage and various endoscopic 
procedures. Although full recovery was not obtained, 
the patient remained free of infection until the end of 
follow-up, at the eighth month of observation. Six to 9 
months after the operation, a physiatric evaluation was 
performed in five patients: no impairment in extending, 
adducting, or medially rotating the arm was assessed in 
any patient. All patients were alive at the time of 
follow-up closure (April 30, 1996), two of them with 
recurrent disease. None had had any late complications 
related to the operation. 
The standard approach to perform lower pulmonary 
lobectomies or demolitions of the posterolateral chest 
wall, both involving diaphragmatic resection, as well as 
extrapleural pneumonectomies, consists of a posterolat- 
eral thoracotomy. In this procedure the LD muscle is 
divided entirely, and the contractile function of its distal 
portion is irreversibly lost. A posterior parallel counterin- 
cision in the ninth or tenth intercostal space is usually 
required for diaphragmatic resection. These two destruc- 
tive procedures, which are needed only for surgical access, 
can be transformed into two reconstructive steps. With 
regard to the former, the functionally useless distal por- 
tion of the LD muscle can be fashioned into a reliable 
reverse flap to restore the nonfunctional anatomy of a 
neodiaphragm, just as prosthetic materials do. With re- 
gard to the latter, the second thoracotomy could be used 
as a passage for the elevation of the flap into the chest. 
This procedure can be used for total reconstruction f one 
hemidiaphragm, allowing a watertight separation between 
the pleural and peritoneal cavities and a stable mediasti- 
num. In our opinion, the adaptability of the muscle makes 
the reconstructive procedure asier and more satisfactory 
than when prosthetic materials are used. Arm motion was 
not compromised in any function: this result could be due 
both to the firm anchorage of the still-functional proximal 
portion of the muscle and to compensation by other 
muscular groups. No flap-related complications were ob- 
served, although in three patients the procedure was 
applied in previously irradiated areas. Moreover, adjuvant 
radiotherapy was administered in one of these patients 
and in another two (without preoperative radiotherapy) 
without any adverse effects on the surgical result. No 
infections occurred, not even in the presence of a bron- 
chopleural fistula, confirming the reliability of autologous 
tissues. Restriction to the use of the LD muscle can be 
needed only in patients who have had poliomyelitis, 
because it may be the only lateral muscle capable of 
elevating the pelvis for a forward step. 5 We recommend 
the distal LD muscle fashioned as a reverse flap for 
hemidiaphragm replacement, believing this approach to 
be the first choice of treatment in the future. 
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Anatomic correction of congenitally corrected transpo- 
sition of the great arteries (TGA), the double switch 
operation, has been applied in children with associated 
cardiac anomalies and risk factors for systemic right 
ventricular function, a-s The association of total anomalous 
pulmonary venous return (TAPVR) with congenitally 
corrected TGA, which is rare in the nonisomerism heart, 
may increase the difficulty of constructing competent 
intraatrial venous channels during the double switch op- 
eration. Only one case of congenitally corrected TGA in 
which all pulmonary veins returned to the coronary sinus 
has been reported previously. 4 Here, we describe an infant 
with situs solitus, congenitally corrected TGA, and 
TAPVR who underwent a double switch operation con- 
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Fig. 1. Schematic representation f the atrial switch procedure.AN, Anterior atrioventricular node;Azygos, 
azygos vein; ASD, atrial septal defect; CS, coronary sinus; enl. ASD, enlarged ASD; Inn, innominate vein; 
IVC, inferior vena cava; MV, mitral valve; RA, right atrium; LPV, left pulmonary vein; R/PV, right inferior 
pulmonary vein; RSPVs, right superior pulmonary veins; SVC, superior vena cava; SN, sinus node; VV, 
vertical vein. 
sisting of an arterial switch and a modified atrial switch 
procedure. Morphologic nomenclature is used in this 
report. 
A 6-month-old male infant weighing 7.5 kg with situs 
solitus, congenitally corrected TGA, atrial septal defect, 
ventricular septal defect, and TAPVR underwent surgical 
repair. The spatial position of the heart was mesocardia. 
The systemic right ventricular end-diastolic volume was 
81% of normal, and the right ventricular ejection fraction 
was decreased to 54%. The pulmonic left ventricular 
end-diastolic volume was 119% of normal, and the left 
ventricular ejection fraction was 72%. A preoperative 
angiogram revealed that the confluence of the left pulmo- 
nary veins traversed the midline and connected with the 
right inferior pulmonary vein. Each branch of the right 
superior pulmonary vein drained directly into the vertical 
vein. The vertical vein ascended in the right pleural cavity 
and drained via a short stenotic segment into the superior 
vena cava. 
Through a median sternotomy, the ascending aorta and 
the right and left pulmonary arteries were dissected free. 
After hypothermic (27 ° C) cardiopulmonary b pass had 
been established with aortic and bicaval cannulation, the 
vertical vein was also mobilized. The right atrium was 
opened longitudinally 15 mm anterior to the crista termi- 
nalis to preserve more posterior right atrial wall (Fig. 1, 1). 
After the aorta was crossclamped, the ventricular septal 
defect was closed by de Leval's maneuver through the 
mitral valve. 4The atrial septum inferior to the atrial septal 
defect was resected, and the roof of the coronary sinus was 
cut down. The posterior ight atrial wall was fashioned by 
making a small incision (Fig. 1, 2). The posterior ight 
atrial wall suture was placed along the cut edge of the 
atrial septum anteriorly, running around the superior edge 
of the atrial septal defect o provide the systemic venous 
pathway from the inferior vena cava to the left (function- 
ally right) atrium. The coronary sinus was left to drain 
within the systemic venous channel (Fig. 1, 3). The 
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superior vena cava was transected just proximal to the 
junction with the azygos vein, which was ligated and 
transected. The vertical vein was transected at its junction 
with the superior vena cava, and the stenotic segment was 
resected. The orifice of the vertical vein was enlarged by 
an incision of a few millimeters. The proximal stump of 
the superior vena cava was also enlarged by incising 
toward the right atrium (Fig. 1, 2). Special care was taken 
to avoid damage to the sinus node and the sinus nodal 
artery. A pulmonary venous channel was created by an 
anastomosis between the vertical vein and the proximal 
stump of the superior vena cava (Fig. 1, 3). An incision 
was made on the roof of the left atrium, and the cephalic 
end of the superior vena cava was anastomosed to this 
opening (Fig. 1, 3 and 4). The arterial switch procedure 
was performed according to a standard technique. 1 No 
difficulty was encountered in transferring the coronary 
arteries with a mirror-image branching pattern relative to 
normal coronary arteries, a 2 A postoperative two-dimen- 
sional echocardiogram demonstrated competent systemic 
and pulmonary venous channels without stenosis and 
sufficient systemic left ventricular performance. The sys- 
temic left ventricular ejection fraction was 68%. The 
electrocardiogram revealed normal sinus rhythm without 
supraventricular arrhythmias. 
Systemic left ventricular function is well maintained 
over the long term in patients who have undergone the 
double switch operation for congenitally corrected 
TGA1-3; secondary heart failure resulting from tricuspid 
regurgitation or systemic right ventricular dysfunction is 
inevitable in patients who have undergone the conven- 
tional repair, in which the morphologically right ventricle 
supports the systemic irculation. However, a small vol- 
ume of the right atrium in congenitally corrected TGA 
lying behind the overhanging left ventricle may be a 
potential drawback of the double switch operation, a' 3 The 
small atria become more of a conduit than a reservoir 
after an atrial switch procedure and appear to play a 
major role in the subsequent development of suboptimal 
cardiac function. In this infant, the left atrial volume was 
also smaller than that of the common type of congenitally 
corrected TGA because of the association with TAPVR. 
The confluence of the left pulmonary veins traversed the 
midline relatively low, not in close apposition with the 
atria, and the vertical vein ascended in the right pleural 
cavity at a distance from the atria. Therefore, usual 
techniques of TAPVR repair were not suitable for creat- 
ing a large tension-free anastomosis. When the double 
switch operation was performed, a substitute atrial switch 
technique for the Senning or the Mustard procedure was 
required to construct efficient venous channels in the 
small atria. Our modified atrial switch technique allowed 
both atria to be able to function effectively as reservoirs. 
The pulmonary venous blood and the systemic venous 
blood from the superior vena cava were directly drained 
into each functional atrium. The inferior vena caval 
pathway was able to be kept to a minimum volume in the 
right (functionally left) atrium by cutting back the roof of 
the coronary sinus and roofing over with an autologous 
right atrial wall. This simplified atrial switch technique 
with minimized incision and suture of the atria can obviate 
the possible dangers of caval obstruction 3 and supraven- 
tricular arrhythmias. Although the intraatrial f ap suture 
ran across the triangle of Koch and the coronary sinus was 
positioned on the systemic venous side of the flap, no 
atrioventricular conduction disturbances occurred. Be- 
cause the atrioventricular node and conduction bundle in 
patients with congenitally corrected TGA with situs solitus 
are located anteriorly, away from the coronary sinus. Care 
should be taken in transferring the coronary arteries, 
because congenitally corrected TGA may have a short left 
main trunk, as well as various kinds of branching patterns 
of coronary arteries. 5 
In conclusion, concomitant anomalies of systemic and 
pulmonary venous return are not always a contraindication 
to a double switch operation. The double switch operation 
should be applied to patients with congenitally corrected 
TGA when each of the ventricles has an adequate volume 
and both atrioventricular valves are functionally competent. 
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